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Following is a report of certain findings in a study of the treatment and preven-
tion of dermatophytosis in the armed forces. One problem was the development
of a better preparation, for routine treatment.
Experience had shown that especially under tropical conditions current meth-
ods of treatment frequently failed. The need for more effective antifungal
agents was obvious. It was soon found that in the Station Hospital at Ft.
Benning practically all cases of dermatophytosis had been admitted either on
account of secondary infection or of dermatitis caused by treatment. The latter
complication was responsible for at least half of the complete disability resulting
from dermatophytosis. It was therefore of first importance that fungicides used
in dispensaries and aid stations should be as non-irritating and non-sensitizing
as possible.
Little information was available as to the relative effectiveness of the many
preparations in current use. Many new fungicides had been developed in recent
years for industrial and agricultural use but little was known of their applicability
to mycoses of man.
METHODS
It was decided to attempt the evaluation of these treatment agents by clinical
trial. Every effort was made to test them under the same conditions in which
they would be used in actual practice in spite of the difficulty of obtaining satis-
factory statistical data under these circumstances. The study was conducted
at Ft. Benning, Georgia, because there large bodies of infantry were in active
training in hot humid weather, conditions which simulated those of campaign in
the tropics. Observations were made in post or in regimental dispensaries be-
cause it is there that most eases of dermatophytosis were treated.
A record of the symptoms and the types and severity of the lesions was made
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in every case before treatment and at each following visit. A culture for fungi
was taken at the outset and an hydroxide mount of skin scrapings examined at
each visit. Preparations under test were issued with instructions for self ap-
plication.
In the following estimates of therapeutic results, we include only cases which
presented typical clinical signs and in which fungi were demonstrated micro-
scopically. Severe eczematizations or secondary infections demanding special
methods of treatment are omitted. The number of cases observed after one or
two weeks, after three or four weeks and after over four weeks of treatment, and
the percentage of each group, who were clinically "clear" is entered. The chief
difficulty here was the lack of a sharp end point. This impairs any records of
cure in this disease. Very few of these soldiers in infantry training were free of
any visible desquamation or of some erythema on the sides of the toes. Those
whose cards were scored as "trace" are included here in the percentages of cases
clear.
Absence of mycelium on microscopic examination, although it does not indi-
cate that the feet are free of fungus, is a sharper and more objective end-point.
In the long run, it appeared a more reliable index of the relative effectiveness of
treatment agents. In tabulating, a negative examination followed within two
weeks by a positive, was recorded as positive.
No medication will be consistently used, and therefore of practical value, unless
it gives reasonably prompt symptomatic relief. As an index of this, the percent
of patients originally complaining of severe itching who stated this was com-
pletely relieved within two weeks is also recorded. These percentages are based
on a smaller number of cases than the foregoing.
The percentage of irritations is based on the total number treated. This
includes cases which, because they were fungus-negative or for other reasons,
were not used for evaluation of therapeutic effect. Symptoms such as marked
itching or burning, and fissuring or other signs of damage were recorded as irri-
tations even if not proven to be caused by the fungicide. A dermatitis necessi-
tating change of treatment was recorded as "severe irritation."
Evaluation of the results of self-treatment is difficult, at best, because of un-
certainty as to thoroughness and regularity of application. We have omitted
from the tabulations here reported, tests in which medication was issued to
groups rounded up at company inspection. The results of such "command"
treatment were always inferior to those obtained with voluntary patients and it
was believed that the latter were more reliable on account of better cooperation.
Over 7500 voluntary patients were treated during the three years of this study.
Every effort was made to keep them under weekly observation for two months
but transfers and the demands of the training program often made this impossible.
It was particularly difficult to make men return for check-up, once their symp-
toms were relieved. Less than one-third could be followed long enough to deter-
mine the immediate effect of treatment. Though many relapses were observed,
no estimate could be made of their frequency.
Variation in severity of disease, in the species of fungi responsible and in the
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stresses to which feet were subjected were additional sources of error. Unex-
plainable irregularities occurred whenever small groups were tabulated. With
large groups, however, these variations seemed to average out as the percentage
of cases clinically clear and the percentage fungus negative increased regularly
with the duration of treatment.
The number of the anti-fungal agents which, on the basis of clinical reports
or laboratory studies, gave promise of therapeutic effectiveness was so great that
thorough clinical trial of all was impossible. Screening tests were made with
over 70 different fungicides and in effort to improve their effectiveness most were
tried in different concentrations and in various vehicles, so that over 400 prepara-
tions were issued for treatment. The satisfactory records obtained from these
preliminary tests were too few to bring out small differences in effectiveness, but
they would probably have revealed outstanding superiority.
Reliable conclusions could be drawn as to only a few fungicides selected for
more thorough study. To obtain sufficient numbers for statistical comparison
of even these few fungicides, it was necessary to group together cases treated
with the same fungicide in different concentrations and different vehicles includ-
ing paints and ointments and occasionally foot baths or powders. In a few
instances, closely related compounds, e.g. three organic mercurials, were sum-
marized as a group. Limitation of space prevents presentation here of these
details. They are available in reports to the Committee on Medical Research
of the O.S.R.D. In any case, conclusions are subject to the reservation that
other concentrations or vehicles might have changed the outcome.
RESULTS
Experience with the screening tests indicated that almost any non-irritating
fungicide caused gradual improvement in most cases of dermatophytosis. In
the first two weeks the percentage cured by many treatment agents was about
the same. In cases observed over four weeks, greater differences were observed.
Differences in fungistatic effect were evident, however, within two weeks and
were, in general, parallel with those in clinical effect brought out by later ob-
servations.
The parellelism between clinical clearing and disappearance of fungi indicated
that the healing effect was due to anti-fungal activity; but the slowness of this
effect convinced us that the action was fungistatic rather than fungicidal. This
belief was confirmed by the many relapses observed. This distinction is of prac-
tical importance because attempts to kill fungi by application of a powerful
fungicide rarely seemed to accelerate cure and frequently caused disastrous
irritation.
A number of fungicides and combinations of fungicides in current use were
tested for comparison with the new agents investigated (Tables I, IV and V).
Benzoic acid was given rather extensive trial on account of its low index of irri-
tation, and salicylic was tested especially for its value in hyperkeratotic cases.
Others were tested only on small groups because it was believed ample experience
had shown them unsatisfactory. Castellani's paint was used little because re-
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sorcin alone showed little therapeutic effect, and basic fuchsin was the weakest
of the fungistatic dyes tested in the laboratory. Verbal reports indicate, how-
ever, that it proved perhaps the best of the treatment agents that were available
to the Army, probably on account of its low index of irritation.
Of the newer fungicides subjected to screening tests, two groups showed prom-
ise :—the fatty acids, because they rarely irritated; and the substituted phenols,
because they were highly fungistatic. Our most extensive tests were made with
undecylenic acid because it was believed the most fungistatic of the former
group; and 2,4, dinitro-orthocyclohexy 1-phenol (hereafter called D N), because
it appeared the least irritating of the effective phenols.
UNDECYLENIC ACID
The fungistatic activity of fatty acids has been studied by many investigators,
most of whom have agreed that it increases with the length of the carbon chain
TABLE I
Overall Results with the More Effective Fungicides
NvuBEF OF CLINICALLY FUNGUS ITCUING
CASES CLEAR NEGATIVE RELtEVED
CASED
TREAT-
ED
Total
%
Severe
%
Weeks
1—2 3—4
—
4+
—
1—2
—--—
3—4 4+
% %
—
1—2
%
—
3—4
%
—
4+
%
1—2
%%
1. D N phenol 405 237 128 18 49 72 58 81 89 63 611 13 0
2. Undecylenic acid.. 959 509 292 17 43 70 48 62 79 53 1521 4 0.2
3. Benzoic acid 303 142 92 19 47 60 37 56 68 31 503 6 0.2
4. Tri-chiorophenol 152 72 43 18 47 51 59 73 79 57 200 15 1
5. Propionic acid 246 135 76 20 33 50 32 47 61 38 410 8 0
6. Salicylic acid 157 48 28 12 33 47 43 56 46 27 258 10 2
up to a limit not definitely established. References to earlier work may be found
in a recent report by Wyss, Ludwig and Joiner (1). Peck and associates (2) first
reported the effectiveness of sodium propionate and of a mixture of fatty acids
in human dermatophytosis. Keeney (3) and his coworkers have recorded excel-
lent clinical results with soaps of propionic, undecylenic and caprylic acids, and
concluded that caprylic was the most effective. McCann (4), Shapiro and Roth-
man (5) and also Sulzberger, Shaw and Kanof (6, 6a, Gb) have published favor-
able reports on undecylenic. The last named investigators found undecylenic
acid and zinc undecylenate especially effective in prophylaxis of foot infections.
Tabulation of our own results showed a high percentage of clinical cures for
patients treated over four weeks with preparations of undecylenic acid (Table I).
The percentage was distinctly higher than with most other fungicides and was
equaled only by that in cases treated with D N and a small group treated with
sulfur and salicylic acid (Table V). The effect was often slow. In the first two
weeks of treatment the percent clinically clear and the percent relieved of itching
was no higher for undecylenic than that in a number of other groups but the
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percent becoming fungus negative higher than for any other fungicide except
the two phenols. The percent irritated was lower than for any other large series.
Two of ten patients treated with a 62% solution developed a dermatitis but only
TABLE II
Several Preparations of Undecylenic acid
NUMBER OE CLINICALLY PUNGUS ITCHING
CASES CLEAR NEGATIVE RELIEVED IRRITATION
CASES
TREAT-
Weeks ED
— _________ — — — — Total Severe
1—2 3-4 4+ 1—2 3—4 4+ 1—2 3—4 4+ 1—2
% % % % % % % % %
1. 62% soap, pH 6.8.. 24 13 4 12 77 — 50 100 — 71 36 26 6
2. 33% soap, pH 8.1.. 21 7 4 24 — — 60 — — 75 21 23 0
3. 5% solution, pH
6.8 92 52 30 11 33 877 50 71 90 51 125 3 0
4. 5% solution, pH
6.5 60 38 11 8 20 46 49 74 73 36 81 6 0
5. 5% ointment car-
bowax, pH 6.8... 874 41 18 14 56 889 58 871 889 51 104 1 0
6. 5% ointment aqua-
phor, pH 6.8 881 46 38 87 56 876 41 52 58 66 132 0 0
7. 5% cerate, pH 6.8. 45 24 19 31 66 874 51 66 879 71 78 4 0
Undecylenic acid 62%
Triethanolamine 38%
2 Undecylenic acid 33%
Triethanolamine 67%
Undecylenic acid 5%
Triethanolamine 3%
Alcohol 62%
'Undecylenic acid 5%
Triethanolamine 1.5%
Zinc undecylenate 10%
Alcohol 20%
Undecylenic acid 5%
Triethanolamine 3%
Zinc peroxide 10%
Carbowax base q.s.
Undecylenic acid 2 to 10%
Triethanolamine (or equivalent NaOH) "Aquaphor" base 1.4 to 5%
1.Jndecylenic acid 10%
Triethanolamine 5%
Carnauba wax cerate q.s.
one such instance was encountered in 1485 cases treated with lower concen-
trations.
Many preparations were tried in an effort to increase the effectiveness of this
fungicide. The results with same are shown in Table II and charts 1, 5, 9, 13
and 17. IJndecylenic acid is a viscid fluid only slightly soluble in water, but
readily soluble in alcohol and many organic solvents. Eight eases were given
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the undiluted acid to apply. None was irritated. The three who continued
treatment over four weeks became fungus negative and clinically clear but the
therapeutic effect was slow.
A more soluble form seemed desirable. With triethanolamine, undecylenic
acid forms a glycerine-like soap easily soluble in water or alcohol in a wide range
of pH values. This soap was used in most of our preparations because easier to
manipulate than the cured-like sodium soap. The undiluted soap whether with
an excess of triethanolamine (pH 8.1) or with an excess of undecylenic acid
(pH 6.8) was actively fungistatic, but caused a prohibitive percent of irritations
(Table II, chart 5). A few trials of 10% and 25% preparations gave results not
strikingly better than those with 5%. The last mentioned concentration was
used in most of our work.
A number of bases were tried. Several powders containing 2% to 10% of
solution undecylenate or zinc undecylenate seemed relatively ineffective in small
series of cases (not included in Table I), but none had the high concentrations or
the additional free undecylenic acid contained in the powders on which Rothman
and Sulzberger have so favorably reported. Solutions in water, alcohol and
propylene glycol in various proportions appeared more rapidly effective for some
patients than ointments, but were not well tolerated by others with fissured or
denuded lesions. Ointments with a carbowax base (7) appeared nearly as effec-
tive as solutions. On account of their grease-like consistency they were suitable
for dressing severe cases and being water soluble they did not prevent drainage
of exudate and sweat. Ointments prepared from oxycholesterol and petrolatum or
carnauba wax cerate gave percentages nearly equal to the carbowax preparations,
but they were suspected of causing maceration in some cases and our impression
was that they were less satisfactory.
Three concentrations of triethanolamine were employed which formed mix-
tures of pH 6.5, 6.8 and 8.1 respectively. Results with preparations of pH 6.8
were better than with the more acid or more alkaline preparations. They are
not, however, strictly comparable as other factors varied in these series.
The importance of secondary streptococcic or staphylococcic infection and the
frequency with which coagulase-positive straphylococci were present in even the
mildest cases convinced us that in routine treatment of dermatophytosis sup-
pression of pyogenic cocci was necessary. On this account zinc peroxide 10%,
zephiran 1—1000, or acriflavine 1—1000 were added to most of our solutions and
ointments of undecylenic acid. This may have been unnecessary as Cowles (8)
and Keeney (3) have reported that undecylenic itself inhibits staphylococci and
streptococci in high dilution.
Balancing effectiveness against irritation, the percentage figures seem best
for ointment 5, Table II. Our clinical impression was that this was the most
satisfactory preparation for routine treatment. Solutions, such as 3, seemed,
however, more effective in non-inflamed and in chronic cases and have obvious
advantage in treatment of nails or scalps. Sulzberger's results show that pow-
Determinations made in 1% solution in which the acid is incompletely dissolved. In
higher dilution p11 is lower.
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ders are valuable in prophylaxis. Much further study is needed as to the opti -
mum preparations of this acid for different purposes.
While the percent of satisfactory clinical results was higher and the percent
of irritations lower for undecylenic acid than for most other treatment agents
tested, these differences were not great and for reasons already discussed their
significance is questionable. Although clinical impressions are notoriously
treacherous criteria, extensive experience did convince us that uudecyleuic had a
greater superiority than is shown by these figures. Disappearance of fungi with-
out marked reaction in, or desquamation of, the skin indicated that specific
fungistasis is more responsible for healing under the fatty acids than under other
treatment agents. They could be used for infections too acute to tolerate most
fungicides. In these tests many cases proved refractory to treatment. The
constant wearing of impermeable shoes during and after violent exercise in ex-
treme heat kept the skin in a moist and maccrated condition that appeared so
favorable to the growth of fungi, that the best available fungicides often failed
to inhibit them. It seemed probable that under the better hygiene of civilian
life, undecylenic would prove far more effective.
OTHER FATTY ACIDS
Caprylic acid in the form of an ointment containing 5% sodium caprylate was
used in 44 cases (Table II, chart 6). Twelve became clear in the first two weeks,
otherwise the results were similar to those obtained with undecylenic and our
group was too small to demonstrate a clear difference in effectiveness between
these two acids. Nonenoic acid also appeared about equal to undecylenic in
cases treated with the two acids in the same base. The overall results (Table II,
chart 10 were inferior, probably because nonenoic was not tried in the more sat-
isfactory carbowax bases. Hexenoic and linolic acids were distinctly less eff-
ective.
Propionic acid gave an over-all percentage of satisfactory results lower than
did undecylenic (Table I, chart 2). It seemed, however, to approximate the
latter in clinical effectiveness. In tinea cruris the results with propionic were
even superior to those with u.ndecylenic, possibly because the latter frequently
caused a persistent burning sensation when applied to the groin or body, although
an evident dermatitis rarely developed. The effectiveness of propionic may be
due to its greater solubility in water, but is nevertheless surprising, in view of its
feeble activity in vitro. The following results were obtained in tests with unde-
cylenic and propionic acids, adjusted to pH 6.0 with triethanolamine, against
spores of Trichophyton gypseum.
PIThTGICWAL FtTNGXSTATIC
Undecylenic acid 1—40 1—8000
Propionic acid not fungicidal in 1—5 1—20
The clear cut superiority of undecylenic acid in the laboratory seemed a sound
basis for its preference. it is probable that in the clinic as in the laboratory,
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fatty acids with 8-1 1 carbon atoms are more effective against fungi than their
lower or higher analogues.
2-4-m-Mno-oRmo-cYcIoHExm-PHENoL
The addition of side chains to phenol has been found to increase its bactericidal
and fungicidal activity. Various phenyl-phenols and chiorophenols have found
extensive use in agriculture and industry. Klarmann (9) and Kingery (10)
have reported on the fungicidal action of many of these compounds.
In our laboratory studies, trichiorophenol was found one of the most effective
of the fungistatic agents tested. In the clinic its fungistatic action, especially in
the first two weeks of treatment, was greater than that of undecylenic acid.
While many patients tolerated it well, it was irritating too frequently to warrant
its routine use and the therapeutic results were distinctly inferior to those ob -
tamed with undecylenic acid (Table I, chart 11).
The addition of nitro groups to the phenol ring has produced compounds such
as picric acid, which are characteristically non-irritating. We were informed by
Dr. D. D. Irish that on di-nitro-cyclohexyl-phenol, which is widely used in agri-
culture as an insecticide and fungicide, had acquired some popularity in the
treatment of "athlete's foot" though it had not been studied by physicians. Like
most complex phenols this compound is practically insoluble in water. With
triethanolamine it forms a salt readily soluble in water, diluted alcohol and glycols
and our tests were made chiefly with this salt. In vitro it proved less fungicidal
than trichlorophenol but it was found possible in the clinic to use solutions as
strong as 20%, whereas trichlorophenol, though often well tolerated in 5%, could
not be used routinely in higher than 1% concentration. In concentrations from
5% to 20% the D N was fungistatic in a higher percentage of cases than undecy-
lenic acid and the percent becoming clinically clear was about equal (Table I,
chart 3). The best results were obtained with a solution containing D N, 10%,
Carbowax 4000, 5%, propylene glycol, 10% and alcohol 10% (chart 7). Irrita-
tions were encountered more frequently than with undecylenic acid but no severe
dermatitis resulted. No evidence of toxicity was seen when this compound was
applied to large areas of the body in tinea corporis.
D N is a yellow dye and its staining made its use as an ointment impractical.
It was therefore unsuited to treatment of fissured and denuded areas. It is,
however, an effective therapeutic agent well worth further study and probably
of distinct value in selected cases.
OTHER NEW FUNGICIDES
The results of screening tests with several other new fungicides are shown in
Table III. Another substituted phenol, 4, 4-isopropylidene-diphenol, appeared
less irritating then trichloro-phenol and D N but also less effective. Tetra-
ethyl-tliiuram-disulfide which has been extensively used as an acaricide and in
veterinary medicine proved non-irritating and was highly effective in the first
cases treated. On further trial the percentage of success fell well below that ob-
tained with other agents. Copper-naphthenate was effectively fungistatic and
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the early clinical results were encouraging. A number of irritations were, how-
ever, encountered and the over-all percentage of clinical clearing was low.
Much was hoped of the quartenary ammonium compounds on account of their
effectiveness in bacterial infections. In the laboratory they appeared fungistatic
rather than fungicidal. In the clinic alkyl-dimethyl-benzyl-amxnonium chloride
(zephiran) and hexadecyl pyridirdum chloride (ceepryn) showed a low percentage
of cases which became clinically clear and fungus negative.
Phenothiazine, tetra-chloro-parabenzo-quinone, hydroxyquinoline and tetra-
brom-cresol also showed a low percentage of satisfactory results. It should be
TABLE III
Other New Fungicides
NIJMBER OF CLINCM.LY FUNGUS ITCEING
CASES CLEAR NEGATIVE RELIEVED STATIONS
CASES
TREAT-
ED
Total Severe
Weeks
1—2 3—4 4+ 1—2 3—4 4+ 1—2 3—4 4+ 1—2
% % % % % % % % %
1. Caprylic acid 44 22 5 27 36 — 45 83 — 58 55 2 0
2. Nonenoic acid.... 59 29 17 15 52 53 35 55 61 51 88 17 1
3. Hexenoic acid.... 33 18 12 3 33 33 30 22 33 47 42 7 0
4. Linolic acid 37 18 6 8 28 — 21 44 — 18 51 6 0
5. Isopropylidene
di-phenol 36 22 14 11 41 64 39 64 66 52 54 8 0
6. Thiuram 91 45 31 19 44 48 25 60 35 40 131 5 0
7. Copper naph-
thenate 44 23 12 15 33 46 45 52 84 51 47 30 4
8. Zephiran 61 30 17 5 20 41 32 58 61 15 73 23 5
9. Ceepryn 36 19 4 3 5 — 17 36 — 33 54 9 0
10. Hydroxyquino-
line 71 33 10 4 15 50 27 45 70 36 77 4 0
11. Tetra-brom
cresol 36 21 3 8 5 — 36 57 — 45 41 2 2
12. Tetrachioro-
quinone 47 20 2 6 30 — 28 35 — 25 57 0 0
13. Phenothiazine.... 54 34 17 15 24 35 20 35 53 26 88 26 3
borne in mind that for reasons already discussed these screening tests were not
conclusive. Many other fungicides were tried in small series of eases and dis-
carded because the preliminary results were unpromising.
ANTI-BIOTICS
Laboratory studies by one of us (A. B. H.) showed that a number of recently
developed anti-biotics from fungi and higher plants were active against tricho-
phyta in vitro. While the dilutions in which they were active, were not of the
same order as those in which penicillin is effective against bacteria, it was hoped
that one might be found, which would be far more effective clinically than ordi-
nary fungicides. Penicillin and tyrothricin were not tested therapeutically
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because they were ineffective in vitro. Others were not avilable in amounts
sufficient for extended clinical trial. A few cases were treated with each of the
following antibiotics: gliotoxin, aspergilhic acid, clavacin, isoclavacin, strepto.
thrycin, hemipyocyanin, alum and protoanemonin. While most cases showed
some response to treatment in no instance was it dramatic and so far as one could
judge from this limited experience, none of the anti-biotics tested showed striking
superiority to many familiar fungicides.
FUNGICIDES IN CURRENT USE
Benzoic acid and salicylic acid were among the most effective fungicidal agents
tested in vitro and are perhaps the most widely used agents for the treatment of
clermatophytosis. Benzoic acid rarely caused irritation and, especially in some
preparations, closely approached undecylenic in effectiveness.
TABLE IV
Some Fungicides in Current Use
(Over all results with various preparations)
NUMBER OF CLINICALLY FUNGUS rrcnrxo
CASES CLEAR NEGATIVE RELIEVED
CASES
TREAT-
ED
IRRITATIONS
Total Severe
%%
Weeks
— — — — —
1—2 2—4 4+ 1—2 2—4 4+ 1—2 2—4 4+ 1—2
% % % % % % %
1. Mercury (organic
comp'ds.) 96 78 38 17 23 29 23 37 29 27 125 18 3
2. Iodine 79 40 25 14 38 44 24 42 60 21 115 13 3
3. Thymol 52 30 13 17 40 44 31 44 58 37 69 34 0
4. Oil of cloves &
cinnamon 44
.17 14 23 35 43 32 39 50 54 62 18 8
5. Chrysarobin 20 13 3 25 38 — 25 54 — 57 26 12 4
Salicylic acid appeared more irritating than benzoic, but probably on account
of its keratolytic action, was distinctly useful in chronic cases. The desquama-
tion which it induced seemed the most practical means of ridding hyperkeratotic
skin of fungi. On this account, it remains, at present, one of the most useful
agents for treatment of selected cases.
Other fungicides listed in Table IV were used in too great a variety of prepara-
tions to make exact comparison possible. No individual preparation proved
strikingly effective. The over-all results were less satisfactory than those with
preceding agents and the frequency of irritation was striking.
Results with four popular combinations of fungicides are shown in Table V.
Taylor's ointment (11) of sulphur and salicylie acid gave results about equal
to the over-all percentages for undecylenic acid, but inferior to those with the
better preparations of the latter. On account of the known frequency of sensi-
tization to sulphur, it is not believed a desirable agent for routine use. Sulfides
are, however, among the most effective keratolytie agents known and were used
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successfully in some chronic cases, especially those with hyperkeratotic lesions
on the soles. It is probable that they will continue to be useful in treatment of
selected cases.
For Whitfield's Ointment (one half strength) the percentages of clinical clear-
ing and of fungus negativity were lower. In this small series, though mild irri-
tations were frequent, no severe reaction occurred. In the hospital, however,
cases of disabling dermatitis from Whitfield's Ointment were often encountered.
While these doubtless represented a minute percentage of the vast number
treated by this popular remedy and may have resulted from use of the full
strength preparation, its improper use or from its application to acute cases, it
TABLE V
Combinations of Fungicides in Current U8e
NUMBER OP CLINICALLY FUNGUS ITCHING
CASES CLEAR NEGATIVE RELIEVED
CASES
TREAT-
ED
IRRITATIONS
Total Severe
%%
Weeks
-
1—2 2—4 4+ 1—2 2—4 4+ 1—2 2—4 4+ 1—2
% % % % %% %
1. Whitfield's oint.... 29 15 6 10 27 — 48 40 — 46 59 8 0
2. Taylor's oint
3. Fraser's solution..
45
52
27
26
25
15
20
8
44
27
72
67
42
37
63
50
76
67
30
50
69
78
4
14
0
8
4. Snow's solution.... 37 18 12 16 33 33 30 33 58 52 54 6 0
1 Salicylic acid 12%
Precipitated sulfur 10%
Starch and petrolatum base q.s.
Salicylic acid 3%
Benzoic acid 6%
Wax and petrolatum base q.s.
Salicylic acid 3%—5%
Tincture merthiolate 1—1000 q:s.
Salicylic acid 3.3%
Benzoic acid 6.6%
Iodine 1.2%
Spirits of camphor q.s.
was evident that this ointment was dangerous in the hands of those unskilled in
dermatology.
Snow's Solution (12), although excellent in tinea cruris and corporis, v.i. seemed
relatively ineffective in dermatophytosis of the feet.
Fraser's Solution caused numerous severe irritations. It proved ineffective
and dangerous for routine treatment of subacute cases. For chronic cases and
especially for suppressive treatment of latent cases it was excellent.
Some of the tabulated results are shown in the accompanying charts. The
numbers at the top of each chart indicate duration of treatment in weeks; those
at the bottom the number of cases treated for each of these periods. The solid
lines show the percent clinically clear, the broken lines the percent fungus nega-
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100 1-2 34 4+ 100 1-2 3-4 4+ *00 i-a 3-4 4+ 100 1-2 3-4 4+
I,'. ,,'...--
so :- II-
0•60 _________ 0' ' 0' 0'
24 3 44 22 80 54 33 *5? 48 28
3. Undecylenic, 8. Caprylic, 7. D N Phenol, 8. Salicylic,
82% soap (U, 1) 10% ointment (III, 1) 10% solution all preparations (I, 0)
100 1-2 3-4 4+ 00 1-2 3-4 4+ *00 1-2 3-4 4+ *00 1-2 3-4 4+
—
-...-. .... .... :.o —— .
50 50 •...;;_o 50 50
1% 1%
0' ' 0' 0' 0'
74 41 18 59 29 I? 152 72 43 96 78 38
9. Undecylenic, 5% 10. Nononoic, 11. Tri-chlorophenol, 12. Mercury,
omtment, p11 8.8 (11,5) all preparations (III, 2) all preparations (I, 4) all preparations (IV, 1)
*00 1-2 3-4 4+ *00 1-2 3-4 4+ *00 1-2 3-4 4+
__
13. Undecylenic, 5% 14. Whitfield's 16. Iodine,
solution, pH 6.8 (11,3) 50% ointment (V, 1) all preparations (IV, 2)
100 1-2 3-4 4+
20. Thymol,
all preparations (IV, 3)
tive. To facilitate comparison, the graphs of overall results with undecylenic
acid (chart 1) are repeated as dotted lines in each succeeding chart. The percent
of cases irritated is shown by the height of the histogram in the lower right hand
27 25 37 *8 12
17. Undecylenic, 5% 18. Taylor's 19. Snow's
solution, pH 0.5 (II, 4) ointment (V, 2) solution (V, 4)
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corner of each chart. The percent severely irritated is shown by the black upper
section of the histogram and by a figure immediately above it. Figures in
parentheses after the name of each preparation refer to corresponding entries
in the tables.
DERMATOPHYTOSIS OF THE GROIN (TINEA CRURIS)
The relative effectiveness of fungicides in the treatment of tinea cruris varied
from that observed in dermatophytosis of the feet. Susceptibility to irritation
differed in these two regions. Undecylenic acid, which was well tolerated on the
feet, frequently caused great discomfort when applied to the inguinal fold whereas
alcoholic solutions, such as those of merthiolate and salicylic acid, which often
caused fissuring and other signs of irritation on the feet were relatively well
tolerated in the groin.
In much irritated cases wet compresses of alum or aluminum acetate or paint -
TABLE VI
Overall Results in Tinea Cruris
NWABER OF CLINICALLY PVNGtS
CASES CLEAR NEGATIVE
CASES
TREATED
Total Severe
% %
Weeks
—
1 2 3 1
%
2
%
3
%
1
%
2
%
3
%
Snow's solution 20 14 11 20 50 73 70 93 82 23 0 0
Chrysarobin 63 35 24 42 69 79 38 63 75 99 39 18
D N phenol 35 19 13 20 47 93 54 84 78 118 10 0
Propionic acid 144 104 79 20 35 52 47 58 61 228 15 4
Whitfield's ointment 47 36 24 21 36 46 78 53 67 65 22 5
Undecylenic acid 277 154 117 15 31 41 37 55 56 266 15 2
Caprylic acid 26 15 7 39 27 — 46 40 — 42 9 0
ings with mild silver protein, weak silver nitrate, or aqueous solutions of gentian
violet or brilliant green, were about the only treatment agents tolerated.
In less acute cases agents which caused prompt desquamation produced the
most rapid cures. In over-all results, Snow's Solution (3% salicylic acid in tinc-
ture of merthiolate) (10) used in a small group of cases gave the highest percent-
age becoming clinically clear and fungus negative. Chrysarobin applied once to
thrice a week as a 5% sohition in chloroform gave even higher a percentage early
cures, though it also produced a brief but severe dermatitis in numerous cases.
TJndecylenic acid, though often satisfactory, gave a lower percentage of good
results. The percentage of clinical clearing under propionic acid was somewhat
higher and the ointment was well tolerated on the scrotum. D N showed a
marked fungistatic effect, a fair percentage of good clinical results and a low
percentage of irritations.
DERMATOPHYTOSIS OF THE BODY (TINEA CORPORIS)
These cases were especially favorable for comparing the effect of fungicides,
because different lesions in the same patient could be treated simultaneously by
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different agents. As in tinea cruris, undecylenie acid frequently produced dis-
comfort in these cases and was not strikingly effective. There was, however,
evidence that its action was specific because the lesions often faded and disap-
peared without the marked desquamation that preceded their healing when
treated with most other fungicides.
Except for this irritability by undecylenic acid, the lesions on the trunk seemed
less susceptible to irritation than those of the foot. Tincture of iodine, alcoholic
solutions of salicylic acid and even chrysarobin in chloroform could often be
applied without marked discomfort. The combination of salicylic acid and mer-
thiolate, which proved useful in the groin, was also one of the most effective
agents used in the treatment of tinea corporis. What seemed our best results
were obtained by painting for two or three days with a solution of coal tar in
carbon tetrachioride which immediately relieved discomfort and reduced inflam-
mation, and then painting for one or two days with salicylic acid in alcohol,
which produced marked desquamation. Paintings with these two solutions
were alternated until cure was complete.
SUMMARY
1. TJndecylenic acid and di-nitro-cyclohexyl-phenol gave the highest percent-
age of satisfactory clinical results when tested in dermatophytosis of the feet.
2. D N and trichlorophenol were the most rapidly fungistatic of the agents
used, but were irritating in numerous cases.
3. The incidence of irritation was lowest with undecylenic, propionic and
benzoic acids.
4. The high percentage of effectiveness and low incidence of irritation indi-
cated that undecylenic acid was the best of the fungicides tested for routine
treatment of sub-acute cases.
5. None of numerous fungicides tested was immediately effective and none
was ultimately successful in all cases.
6. Until some fungicide with a higher order of effectiveness is discovered,
treatment of deriuntophytosis must be varied according to the severity of the
case and the degree of sensitization and secondary infection.
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